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FLEXIBLE CIRCUITS

Flexible circuitry is an ar-

rangement of printed wiring
that offers certain advan-

tages over other means of

interconnecting the compo-

nents of an electronic sys-

tem. First applied on mili-

tary aircraft and missiles,

where size, weight and reli-

ability are of primary impor-
tance, the circuitry's flexibil-

ity allows it to be molded to

the shape of a chassis for
marked reduction in bulk.

Although flex circuits gener-

ally cost more than conven-

tional connectors, they

nonetheless offer savings in

some applications because

they are less costly to install.

The flexible circuit is also

attractive in dynamic appli-

cations, those that involve

continuous or periodic

movement of the circuitry;

in such applications, where

reliability must be main-
tained over millions of

flexing cycles, flexible cir-
cuits have demonstrated

excellent performance.

Now being used in a

broad range of civil applica-

tions as well as in military

and space systems, flexible

circuits are produced by

combining three materials:

an insulating plastic film; a

metallic conductor, usually

copper foil; and an adhe-

sive, one of several types of

polymers, to bind the insu-

lator and the conductor into

a laminated circuit. The ad-

hesive is important to the

overall performance of the
circuit and it is selected with

care, taking into consider-
ation such factors as bond

strength; resistance to tem-

perature during processing

and in the operation of the

end product; resistance to

moisture, which can create

"voids" or defects in the

bond; insulation resistance;

and the flexible lifetime of

the printed circuit.

A new type of laminating

adhesive has made its ap-

pearance in commercial

manufacture of flexible elec-

tronic circuits. Developed

by Langley Research Center,

it is a thermoplastic

polyimide resin known as

LARC-TPI; it is being used

to produce laminates, under

an exclusive NASA license,

by Rogers Corporation's

Circuit Materials Division,

Chandler, Arizona, one of

the nation's largest manufac-

turers of flexible circuits.

NASA has granted a license

to Japan's Mitsui Toatsu

Chemicals to produce the
resin and Mitsui has built a

plant for commercial pro-

duction of the adhesive;

NASA is in the process of li-

censing Rogers Corporation

and three other companies

to make the resin.

The family of linear

polyimides of which LARC-

TPI is a member are gener-

ally tough, flexible and have
excellent mechanical and

electrical characteristics over

a wide temperature range.

Hence, they have been used

--and are being considered
for broader future use--as

structural adhesives for

bonding together parts of

aircraft, missiles and space-

craft subjected to high tem-

peratures, for example, en-

gine nacelles and cowls, or

the friction-heated leading

edge of a high speed air-

plane. The problem with

linear polyimides is that

they have been difficult to

process.

Special requirements for

bonding components of a

proposed space system led

Langley Research Center to

undertake development of
an advanced structural adhe-

sive by chemically altering
the structure of the linear

polyimide to improve its
overall characteristics and

eliminate processing prob-

lems. The resulting LARC-

TPI has substantially im-

proved processability; it can

be processed at lower tem-

perature and it has good

moisture resistance, both of

which contribute to prevent-
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ingformationofvoids;and
it hasexcellentadherence
toalargenumberofplastics
andmetals.Althoughorigi-
nallydevelopedasastruc-
turaladhesive,LARC-TPI
wasfoundto havespecial
utilityin laminatingflexcir-
cuitsandit hasotherappli-
cations,suchasamatrixfor
fiberreinforcedcomposite
materials;forhightempera-
tureresistantfilms,foams
andfibers;andasamolding
powderforvoid-free
moldedparts.

In itsinitialcommercial
applicationbyRogersCor-
poration'sCircuitMaterials
Divisionit isbeingusedas
theadhesivethatbindsthe
insulatingfilmKapton®to
copperfoil conductormate-
rialin themanufactureof
flexiblecircuits;thephotoat
leftshowsaspoolofcopper
foilandaspoolofKapton.In
theotherphotosarerepre-
sentativeRogersCorporation
flexiblecircuits;thecoinsin-
dicatesize.Theproductline
oftheCircuitMaterialsDivi-
sionspansabroadspectrum
thatincludesflexiblecircuits
forsuchconsumerproducts
aselectronicwatches,cam-
eras,TVgames,calculators
andburglaralarms;industrial
applicationssuchasdisplay
panels,medicalinstruments,
testinstrumentation,optical
controlsandelectrostatic
copiers;computerjumpers,

memories,terminalsand
printers;aerospacesystems
suchasmissiles,transpon-
ders,telemetryandavionics;
suchautomotiveapplications
asdashboardclusters,fuel
controls,enginecontrolsand
pollutioncontrols;and,in
communications,CBradios,
telephonereceivers,tele-
phoneswitchingequipment,
pagersandantennas.•

® Kapton is a registered trademark

of E.I. du Pont de Nemours and

Company.
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